Introduction {#s1}
============

Bipolar disorder (BD) is a severe, chronic mood disorder characterized by recurrent episodes of depression and (hypo)mania, interspersed with periods of clinical remission or euthymia. BD is associated with an important global disability as well as increased morbidity and mortality ([@B1], [@B2]).

Several neurocognitive deficits have been described during euthymia, including the broad domains of attention/processing speed, verbal learning and memory, and executive functions, such as cognitive flexibility, working memory and verbal fluency ([@B3], [@B4]). Problems in social functioning also persist into euthymia ([@B5], [@B6]) and seem to worsen with more relapses ([@B7]). More importantly, persistent neurocognitive deficits have been associated with functional outcomes during euthymia ([@B8], [@B9]).

Accordingly, several clinical staging models have been put forward to classify BD patients into different stages of the disease, taking into account clinical, neurocognitive and functional variables ([@B10], [@B11]). One such model relies on disability during the interepisodic period ([@B12]). As predicted by this model, patients in the early stages of the disease would have less neurocognitive and functional deterioration than those in the late stages of BD. Interestingly, this model also encompass a "latent stage," which includes healthy first-degree relatives of BD patients, who are predicted to show no deterioration in their neurocognitive and social functioning.

On the other hand, the concurrent study of first-degree relatives of patients may allow investigate and identify endophenotypes for BD. Endophenotypes or intermediate phenotypes are features associated with the etiophisiopathology of an illness ([@B13]). Suitable endophenotypes should be associated with the disease within a population, be state-independent, be heritable, and co-segregate with the disease within families and found in healthy relatives in a greater proportion than in the general population ([@B14]). Therefore, the identification of clinical, neurobiological and functional changes in healthy family members would potentially help identify valid endophenotypes of BD and refine clinical staging, with the ultimate goal of early diagnosis and intervention. There is rising interest in searching neurocognitive endophenotypes associated with BD, since cognition is a major predictor of patients\' functional outcomes ([@B9]).

Growing research has identified similar, yet milder, neurocognitive dysfunction among healthy relatives of BD patients ([@B3]). However, most studies have examined mixed groups of relatives, including parents, siblings, and offspring of BD patients ([@B15]). The few studies that have focused specifically on healthy siblings have also found neurocognitive deficits, mostly in verbal memory, visual memory and executive functioning ([@B16]--[@B20]).

Clinical staging of BD is a relatively new area of research, and staging models need empirical validation ([@B21]). This study aimed to explore Kapczinski\'s staging model based on neurocognitive and functional impairment among BD patients and their healthy siblings, compared to healthy controls.

Materials and Methods {#s2}
=====================

Study Sample
------------

An observational, cross-sectional study was carried out comparing neurocognitive and functional performance in four different groups: euthymic BD patients in early stages of the disease; euthymic BD patients in late stages of the disease; healthy subjects with an increased genetic risk for developing BD, in this case, siblings of patients diagnosed with BD ("latent stage"); and healthy subjects without personal nor family history of BD as a control group ([@B22]). The sample was recruited at the Doctor Peset University Hospital health department in Valencia, Spain. The study was approved by the hospital Ethics Committee. Written informed consent of the participants was obtained after procedures had been fully explained.

Inclusion criteria were: adults under 60 years old; diagnosed with DSM-IV-TR BD type I; outpatient or living in a residence; clinically euthymic confirmed with psychometric criteria (Hamilton Rating Scale for Depression, HRSD-17 \<8; and Young Mania Rating Scale, YMRS \<7) for a period of at least 2 months; receiving a stable regimen of medication for at least 4 weeks; and able to understand the study procedures.

Exclusion criteria were: clinical conditions impeding study procedures; current hospitalization; documented cognitive impairment (intellectual disability or dementia); physical, visual or hearing disability that would prevent from understanding the protocol; and inability to read or understand Spanish. Inclusion criteria for relatives and healthy controls were: adults under 60 years old, with no diagnosis of psychiatric disorders on Axis I confirmed by the SCID-I interview, able to understand the procedures of the study and to provide written informed consent. In addition to exclusion criteria applied to patients, relatives had to have a brother or sister diagnosed with BD type I, whereas healthy controls should have no family history of severe mental illness, including schizophrenia or other psychotic disorders, BD and major depressive disorder in first- and second-degree relatives.

Assessments
-----------

Each subject underwent a complete clinical, neuropsychological, and functional assessment. Pre-morbid intelligence quotient (PIQ) was estimated with the WAIS III Vocabulary subtest. Neurocognition was evaluated with a comprehensive neuropsychological battery including the following tests: WAIS III Digit Symbol, COWA test (including the FAS and the Animal Naming test),Wisconsin Card Sorting Test (WCST), Trail Making Test (TMT) parts A and B, Stroop Color and Word Test, WAIS III Digit Span, California Verbal Learning Test (CVLT), Rey-Osterrieth Complex Figure test (ROCFT), and Finger Tapping Test (FTT) \[for details, see ([@B9], [@B23], [@B24])\]. The battery taps on tasks of processing speed, abstract reasoning, cognitive flexibility, verbal fluency, selective attention, working memory, verbal learning/memory, visual memory, and motor speed, which are the most relevant domains in neurocognitive assessment of BD patients and their families ([@B4], [@B15]). As a result, 23 neurocognitive variables were obtained.

Social functioning was assessed with the Functional Assessment Short Test \[FAST, ([@B25])\]. The FAST is an easy to use scale to evaluate difficulties that patients have in their daily lives. It has 24 items grouped in 6 domains or specific areas of functioning: autonomy (ability to do things alone and make one\'s own decisions), work performance (ability to maintain a paid job, efficiency in carrying out tasks at work), cognitive functioning (ability to concentrate, performing simple mental calculations, solving problems, learning and remembering new information), finance (ability to manage finances and spend in a balanced way), relationships (relationships with friends, family, participation in social activities, sexual relations) and leisure (ability to perform sports, exercise or enjoy hobbies). The scores for each item range from 0 to 3. The overall score is obtained by adding the scores of each item. The higher the score, the greater the difficulty in patient\'s functioning. The median value of the FAST total score has been used to classify BD outpatients into two broad groups based on Kapczinski\'s clinical staging model: early- and late-stages ([@B26]).

Statistical Analysis
--------------------

Socio-demographic, clinical, functional, and neurocognitive variables were analyzed using descriptive statistics, with a confidence interval of 95% to two tails in both cases. Parametric and non-parametric tests were used for the analysis of continuous variables depending on the restrictions of applicability (normality) and the nature of the variable. The association between categorical variables was analyzed with the Pearson chi-square test (χ^2^) or Fisher\'s exact test, as appropriate.

Continuous variables were compared using the *t* Student test or the analysis of variance (ANOVA). For comparisons of parametric variables between more than two groups, if the main effect was significant, pair-wise comparisons were performed by *post-hoc* tests (Scheffé). To analyze the differences between clinical groups (e.g., early and late stages) *t* test for independent samples was used. To compare non-parametric variables between independent samples, the Mann-Whitney test was used. Analysis of covariance (MANCOVA) was used to control the influence of confounding variables. The last version of SPSS software program (SPSS Inc., Chicago, USA) was used and statistical significance for all tests was set at *p* \< 0.05.

Results {#s3}
=======

Study Sample
------------

A total of 107 subjects (53 patients, 26 siblings, and 28 controls) were initially recruited. Of them, 15 were excluded for several reasons: two subjects did not complete the neurocognitive assessment; three subjects met exclusion criteria: two had a family history of mental illness (BD and schizophrenia, respectively) and one had a personal history of mental illness (major depression); two subjects were excluded for providing insufficient blood sample; and eight subjects for laboratory reasons.

The final sample consisted of 92 individuals divided into four groups: 25 early-stage patients, 23 late-stage patients, 23 siblings of BD-I patients and 21 healthy controls. Based on previous studies ([@B26]), the criterion used to classify patients into early and late stages was the median of the FAST scale, in this case 32 points.

Sample Description
------------------

A complete sample description can be found in a previous article ([@B22]). Demographic characteristics of the four groups are described in Table [1](#T1){ref-type="table"}. There were no significant differences between groups in most socio-demographic variables, including sex, age, marital status, and living status. However, the groups significantly differed in their occupational status, as expected. Moreover, there were significant between-groups differences in years of education and estimated PIQ. As these two variables were correlated (*r* = 0.49; *p* \< 0.001), education was used for the remaining analyses. In addition, the four groups significantly differed in the presence of residual mood symptoms both depressive and manic (Table [1](#T1){ref-type="table"}).

###### 

Sample description.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Variables[^**a**^](#TN1){ref-type="table-fn"}**   **Controls**\    **Healthy siblings**\   **Early-stage BD**\   **Late-stage BD**\   **F^**[b](#TN2){ref-type="table-fn"},\ [c](#TN3){ref-type="table-fn"},\ [d](#TN4){ref-type="table-fn"}**^**   ***P***        ***post-hoc***
                                                      **(*n* = 21)**   **(*n* = 23)**          **(*n* = 25)**        **(*n* = 23)**                                                                                                                                    
  --------------------------------------------------- ---------------- ----------------------- --------------------- -------------------- ------------------------------------------------------------------------------------------------------------- -------------- ----------------
  **Sex ratio**                                                                                                                                                                                                                                                        

  (male: female)                                      7:14             7:16                    12:13                 11:12                2.49[^**b**^](#TN2){ref-type="table-fn"}                                                                      0.49           --

  Age (y)                                             36.7 ± 10,9      41.5 ± 11,8             43.4 ± 10.3           45.1± 9.8            2,49[^**c**^](#TN3){ref-type="table-fn"}                                                                      0,07           --

  Education (y)                                       14.3 ± 3.1       12.6 ± 2.9              11.8 ± 3              11.8 ± 2.9           3.48[^**c**^](#TN3){ref-type="table-fn"}                                                                      **0.019**      C\>E,L

  Premorbid IQ                                        123.1 ± 10.3     111.5 ± 12.6            107.4 ± 11.7          109.6 ± 10.8         8.27[^**c**^](#TN3){ref-type="table-fn"}                                                                      **\<0.0001**   C\>S,E,L

  **Marital status**, ***n*** **(%)**                                                                                                                                                                                                                                  

  Single                                              11 (52.4%)       9 (39.1%)               11 (44%)              8 (34.8%)            12.91[^**b**^](#TN2){ref-type="table-fn"}                                                                     0.11           --

  Married                                             9 (42.9%)        12 (52.2%)              7 (28%)               12 (52.2%)                                                                                                                                        

  Widow                                               1 (4.8%)         0 (0%)                  0 (0%)                0 (0%)                                                                                                                                            

  Separated                                           0 (0%)           2 (8.7%)                7 (28%)               3 (13%)                                                                                                                                           

  **Living status**, ***n*** **(%)**                                                                                                                                                                                                                                   

  Alone                                               3 (14.3%)        2 (8.7%)                5 (20%)               2 (8.7%)             8.78[^**b**^](#TN2){ref-type="table-fn"}                                                                      0.73           --

  Parents                                             6 (28.6%)        5 (21.7%)               4 (16%)               2 (8.7%)                                                                                                                                          

  Partner                                             5 (23.8%)        4 (17.4%)               7 (28%)               6 (26.1%)                                                                                                                                         

  Own family                                          7 (33.3%)        12 (52.2%)              8 (32%)               12 (52.2%)                                                                                                                                        

  Other                                               0 (0%)           0 (0%)                  1 (4%)                1 (4.3%)                                                                                                                                          

  **Completed education**, ***n*** **(%)**                                                                                                                                                                                                                             

  Primary                                             3 (14.3%)        6 (26.1%)               10 (40%)              9 (39.1%)            8.68[^**b**^](#TN2){ref-type="table-fn"}                                                                      0.19           --

  Secondary                                           7 (33.3%)        10 (43.5%)              9 (36%)               10 (43.5%)                                                                                                                                        

  University                                          11 (52.4%)       7 (30.4%)               6 (24%)               4 (17.4%)                                                                                                                                         

  **Occupationstatus**, ***n*** **(%)**                                                                                                                                                                                                                                

  Student                                             5 (23.8%)        2 (8.7%)                0 (0%)                0 (0%)               55.69[^**b**^](#TN2){ref-type="table-fn"}                                                                     **\<0.0001**   

  Housework                                           1 (4.8%)         1 (4.3%)                0 (0%)                0 (0%)                                                                                                                                            

  Employed                                            11 (52.4%)       15 (65.2%)              5 (20%)               2 (8.7%)                                                                                                                                          

  Sick leave                                          0 (0%)           1 (4.3%)                1 (4%)                1 (4.3%)                                                                                                                                          

  Retired                                             0 (0%)           0 (0%)                  13 (52%)              14 (60.9%)                                                                                                                                        

  Unemployed                                          4 (19%)          4 (17.4%)               6 (24%)               6 (26.1%)                                                                                                                                         

  HRSD total                                          1.6 ± 1.4        0.9 ± 1.3               2.0 ± 1.9             3.3 ± 1.8            8.85 c                                                                                                        **\<0.0001**   L\>C,S,E

  YMRS total                                          0.7 ± 0.9        0.3 ± 0.6               1.1 ± 1.3             1.5 ± 1.6            4.24 d                                                                                                        **0.008**      L\>S
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Expressed as mean ± standard deviation*.

*Fishertest*.

*ANCOVA*.

*ANOVA. C, control; E, early stage; HRSD, Hamilton Rating Scale for Depression; L, late stage; S, sibling; YMRS, Young Mania Rating Scale. Bold values are to remark statistically significant results*.

Early-stage patients were comparable to late-stage patients since no significant differences in any of the pharmacological or clinical variables analyzed were found (Table [2](#T2){ref-type="table"}).

###### 

Clinical and pharmacological variables of early- and late-stage BD groups.

  **Variables[^**a**^](#TN5){ref-type="table-fn"}**             **Early stage (*n* = 25)**   **Late stage (*n* = 23)**   ***t*-test**   ***p***
  ------------------------------------------------------------- ---------------------------- --------------------------- -------------- ---------
  Age of onset                                                  23.0 ± 7.0                   26.9 ± 7.9                  0.1            0.07
  Illness duration                                              20.1 ± 10.9                  18.0 ± 9.7                  0.09           0.5
  Number of episodes (total)                                    24.8 ± 49.9                  11.0 ± 8.9                  5.89           0.18
  Number of admissions (total)                                  4.4 ± 7.8                    3.8 ± 6.5                   0.1            0.8
  Time since last episode (months)                              26.8 ± 36.1                  13.1 ± 19.0                 6.5            0.11
  Time since last admission (months)                            42.6 ± 49.9                  28.1 ± 45.2                 0.57           0.3
  Tobacco smoking, Yes, *n* (%)                                 12 (48%)                     15 (65.2%)                  1.44           0.26
  Rapid cycling, Yes, *n* (%)                                   2 (8%)                       3 (13%)                     0.33           0.66
  Seasonal pattern, Yes, *n* (%)                                4 (16%)                      4 (17.4%)                   0.17           1
  Psychotic symptoms, Yes, *n* (%)                              16 (64%)                     17 (73.9%)                  0.55           0.54
  Suicide ideation, Yes, *n* (%)                                18 (72%)                     16 (69.6%)                  0.03           1
  Suicide attempt, Yes, *n* (%)                                 6 (24%)                      6 (26.1%)                   0.03           1
  Lithium, Yes, *n* (%)                                         18 (72%)                     13 (56.5%)                  1.25           0.37
  Valproate, Yes, *n* (%)                                       4 (16%)                      8 (34.8%)                   2.25           0.19
  Lithium, mean daily dose [^b^](#TN6){ref-type="table-fn"}     696.0 ± 538.9                530.4 ± 499.5               1.17           0.28
  Valproate, mean daily dose [^b^](#TN6){ref-type="table-fn"}   220.0 ± 541.6                404.3 ± 619.0               2.43           0.28
  Number of medications                                         2.9 ± 1.5                    3.0 ± 1.6                   0.39           0.77

Expressed as mean ± standard deviation, except when indicated

*Dose expressed in mg/day*.

Comparison of Neurocognitive Functioning
----------------------------------------

First, neurocognitive performance of the four groups was compared by analysis of covariance (MANCOVA), controlling for covariates that may influence neurocognition, such as age, education and residual depressive and manic symptoms. Age (Pillai Trace: *F* = 3.51; *p* \< 0.0001), education (*F* = 1.82; *p* = 0.03) and group (*F* = 1.51; *p* = 0.013) exerted a major effect, while depressive symptoms (*F* = 1.08, *p* = 0.39) and manic symptoms (*F* = 0.46, *p* = 0.98) had no influence on neurocognitive performance. Therefore, age and education were used as covariates in the remaining analyses of this section. After controlling the influence of these covariates, there were statistically differences between groups in overall neurocognitive functioning (MANCOVA: *F* = 1.59, *p* = 0.005) (Table [3](#T3){ref-type="table"}).

###### 

Neurocognitive functioning of the four groups.

  **Variables[^**a**^](#TN9){ref-type="table-fn"}**   **Controls (*n* = 21)**   **Healthy siblings (*n* = 23)**   **Early stage BD (*n* = 25)**                                                  **Late stage BD (*n* = 23)**                                                    **F[^**b**^](#TN10){ref-type="table-fn"}**   ***P***
  --------------------------------------------------- ------------------------- --------------------------------- ------------------------------------------------------------------------------ ------------------------------------------------------------------------------- -------------------------------------------- --------------
  Digit Symbol                                        87.9 ± 20.9               77.7 ± 16.2                       59.1 ± 20.4[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   55.8 ± 19.7[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    9.46                                         **\<0.0001**
  Animal Naming Test                                  25.9 ± 6.2                22.8 ± 5.0                        20.6 ± 6.3                                                                     21.0 ± 5.8                                                                      1.33                                         0.27
  FAS                                                 47.9 ± 9.1                43.3 ± 9.4                        38.3 ± 16.7                                                                    39.6 ± 10.6                                                                     0.7                                          0.56
  **WCST**                                                                                                                                                                                                                                                                                                                    
  Total errors                                        14.2 ± 7.1                21.8 ± 15.2                       35.7 ± 23.4[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   38.1 ± 21.6[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    4.83                                         **0.004**
  Perseverations                                      8.3 ± 4.9                 13.0 ± 10.4                       26.9 ± 22.5[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   26.3 ± 21.9[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    3.8                                          **0.013**
  Perseverative Errors                                7.8 ± 4.1                 12.0 ± 9.1                        23.1 ± 18.2[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   22.3 ± 17.0[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    3.79                                         **0.013**
  Non Perseverative Errors                            6.5 ± 3.2                 9.9 ± 6.7                         12.5 ± 7.6                                                                     15.8 ± 10.3[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    3.18                                         **0.028**
  Categories                                          5.9 ± 0.4                 5.7 ± 0.8                         4.7 ± 1.6[^§^](#TN8){ref-type="table-fn"}                                      4.4 ± 1.9[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}      4.04                                         **0.01**
  **TMT**                                                                                                                                                                                                                                                                                                                     
  Part A (TMT-A)                                      21.8 ± 4.0                33.4 ± 10.1\*                     36.8 ± 16.7\*                                                                  42.9 ± 17.2[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    5.17                                         **0.002**
  Part B (TMT-B)                                      49.9 ± 14.2               66.3 ± 24.1\*                     84.1 ± 36.4[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   101.9 ± 45.2[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   6.0                                          **0.001**
  **Stroop Test**                                                                                                                                                                                                                                                                                                             
  Word                                                113.1 ± 14.5              109.6 ± 11.4                      101.8 ± 19.7                                                                   97.0 ± 21.8[^§^](#TN8){ref-type="table-fn"}                                     1.11                                         0.35
  Colour                                              78.9 ± 10.8               71.5 ± 8.5\*                      64.6 ± 12.0[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   64.0 ± 16.5\*                                                                   3.07                                         **0.032**
  Word-Colour                                         49.7 ± 9.7                44.0 ± 8.0                        37.2 ± 11.1[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   39.7 ± 13.7                                                                     2.25                                         0.09
  Digits forward                                      8.8 ± 1.8                 8.9 ± 1.7                         7.9 ± 2.0                                                                      8.1 ± 1.7                                                                       0.83                                         0.48
  Digits backward                                     6.9 ± 1.6                 6.9 ± 1.7                         5.2 ± 1.8[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}     5.0 ± 1.7[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}      5.57                                         **0.002**
  **CVLT**                                                                                                                                                                                                                                                                                                                    
  Total learning                                      60.6 ± 7.3                54.0 ± 6.5\*                      46.7 ± 10.7[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   43.3 ± 10.7[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    11.47                                        **\<0.0001**
  Immediate verbal recall                             27.3 ± 2.7                24.4 ± 4.4\*                      19.5 ± 6.1[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    17.8 ± 5.5[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}     12.51                                        **\<0.0001**
  Delayed verbal recall                               28.6 ± 2.8                24.7 ± 4.6\*                      19.5 ± 6.5[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}    17.9 ± 6.0[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}     14.47                                        **\<0.0001**
  Total recognition                                   43.3 ± 0.8                41.3 ± 2.1\*                      40.0 ± 2.9\*                                                                   38.8 ± 3.0[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}     9.62                                         **\<0.0001**
  **ROCFT**                                                                                                                                                                                                                                                                                                                   
  Immediate visual recall                             24.9 ± 4.8                19.6 ± 6.5\*                      16.6 ± 8.0\*                                                                   15.3 ± 8.0[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}     4.87                                         **0.004**
  Delayed visual recall                               24.7 ± 5.4                19.7 ± 6.3\*                      15.9 ± 8.5\*                                                                   15.2 ± 7.8[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}     4.74                                         **0.004**
  **FTT**                                                                                                                                                                                                                                                                                                                     
  Unimanual                                           95.0 ± 16.0               97.4 ± 20.9                       82.8 ± 15.1[^\*^](#TN7){ref-type="table-fn"}[^§^](#TN8){ref-type="table-fn"}   77.7 ± 22.8[^§^](#TN8){ref-type="table-fn"}                                     4.31                                         **0.007**
  Bimanual                                            88.1 ± 16.6               91.8 ± 20.7                       76.5 ± 13.2[^§^](#TN8){ref-type="table-fn"}                                    73.8 ± 23.4[^§^](#TN8){ref-type="table-fn"}                                     3.6                                          **0.017**

p \< 0.05 vs. controls (for the remaining three groups)

p \< 0.05 vs. healthy siblings (for both clinical groups)

*Raw performances expressed as mean ± standard deviation*.

*Main effect of factor "group" in MANCOVA with education and age as covariates. Between-group significant differences appear in bold. CVLT, California Verbal Learning Test; FTT, Finger Tapping Test; ROCFT, Rey-Osterrieth Complex Figure Test; TMT, Trail Making Test; WCST, Wisconsin Card Sorting Test*.

Secondly, neurocognitive performance of the four groups were compared pair-wise, as follows: siblings vs. controls, early-stage patients vs. controls, late-stage patients vs. controls, early-stage patients vs. siblings, late-stage patients vs. siblings and both groups of patients. When significant differences existed between the contrasted groups in age, sex, and education, they were introduced as covariates in these pair-wise analyses, as appropriate.

### Siblings vs. Controls

Both groups were compared by analysis of covariance (ANCOVAs) with education as a covariate (*Z* = −1.99; *p* = 0.047). Compared to controls, siblings had a significantly worse performance (*p* \< 0.05) and therefore a deficit, in 9 of the 23 variables analyzed: TMT-A, TMT-B, Stroop color, CVLT (total learning, immediate and delayed verbal recall, recognition), and immediate and delayed visual recall.

### Early-Stage Patients vs. Controls

Neurocognitive performance of both groups was compared by ANCOVA with age (*Z* = −2.03; *p* = 0.042) and education (*Z* = −2.58; *p* = 0.01) as covariates. Compared to healthy controls, early-stage patients showed a deficit in 16 variables: digit symbol, WCST (total errors, perseverations, perseverative errors), TMT-A, TMT-B, Stroop color, Stroop word-color, digits backward, CVLT (total learning, immediate and delayed verbal recall, recognition), immediate and delayed visual recall, and FTT unimanual.

### Late-Stage Patients vs. Controls

Neurocognitive performance of both groups was compared by ANCOVA with age (*Z* = −2.55; *p* = 0.011) and education (*Z* = −2.57; *p* = 0.01) as covariates. Compared with healthy controls, late-stage patients had a deficit in 16 variables: digit symbol, WCST (total errors, perseverations, perseverative errors, non-perseverative errors, categories), TMT-A, TMT-B, Stroop color, digit backward, CVLT (total learning, immediate and delayed verbal recall, recognition), and immediate and delayed visual recall.

### Early-Stage Patients vs. Siblings

Since both groups were comparable in age, sex, and education, the Mann-Whitney test was used, and results were confirmed by *t*-test. Compared to siblings, early-stage patients had significantly worse performance (*p* \< 0.05) in 14 variables: digit symbol, WCST (total errors, perseverations, perseverative errors, categories), TMT-B, Stroop color, Stroop word-color, digits backward, CVLT (total learning, immediate and delayed verbal recall), and FTT unimanual and bimanual.

### Late-Stage Patients vs. Siblings

As in the previous case, performance was compared using the Mann-Whitney test, and results were confirmed by *t*-test. Compared to siblings, late-stage patients had significantly worse performance (*p* \< 0.05) in 18 variables: digit symbol, WCST (total errors, perseverations, perseverative errors, non-perseverative errors, categories), TMT-A, TMT-B, Stroop word, digit backward, CVLT (total learning, immediate and delayed recall, recognition), immediate and delayed visual recall, as well as FTT unimanual and bimanual.

### Early-Stage vs. Late-Stage Patients

We used Mann-Whitney test to compare both groups with no covariates because the two groups were comparable in age, sex, and education. The results were confirmed by *t*-test. No significant differences between both groups of patients were detected in any of the neurocognitive variables examined.

Analysis of Social Functioning
------------------------------

After controlling for covariates (age, education, and residual affective symptoms), significant between-groups differences (*p* \< 0.0001) were found in terms of social functioning measured with the FAST scale. Late-stage patients had a worse performance than early-stage patients, as expected. Moreover, both clinical groups had a worse performance than healthy siblings and controls. Finally, siblings\' social functioning was comparable to that of controls (Table [4](#T4){ref-type="table"}).

###### 

Comparison of functionality between groups.

  **Variables[^**a**^](#TN11){ref-type="table-fn"}**   **Controls (*n* = 21)**   **Healthy siblings (*n* = 23)**   **Early stage (*n* = 25)**   **Late stage (*n* = 23)**   **F[^**b**^](#TN12){ref-type="table-fn"}**   ***p***        ***post-hoc***
  ---------------------------------------------------- ------------------------- --------------------------------- ---------------------------- --------------------------- -------------------------------------------- -------------- -----------------
  FAST Total                                           13 ± 9.3                  13 ± 10.4                         22 ± 6.8                     42.2 ± 7.9                  32.38                                        **\<0.0001**   L\>C,S,E E\>C,S
  FAST autonomy                                        1.2 ± 1.4                 1.3 ± 1.9                         2.4 ± 2.9                    4.8 ± 2.5                   4.48                                         **0.006**      L\>C,S,E
  FAST work                                            5 ± 5.2                   4.7 ± 6.4                         8.6 ± 5.4                    13.8 ± 3                    8.81                                         **\<0.0001**   L\>C,S,E
  FAST cognition                                       1.6 ± 1.5                 2.6 ± 2.6                         4.4 ± 2.8                    8.8 ± 3.3                   21.08                                        **\<0.0001**   L\>C,S,E E\>C
  FAST finance                                         0.6 ± 1.5                 0.6 ± 1.6                         0.9 ± 1.6                    3 ± 2.5                     5.26                                         **0.002**      L\>C,S,E
  FAST relationships                                   2 ± 1.9                   2.2 ± 2.1                         3.5 ± 2.9                    8.4 ± 3.7                   14.82                                        **\<0.0001**   L\>C,S,E
  FAST leisure                                         2.6 ± 2.3                 1.5 ± 1.9                         2.3 ± 2.2                    3.3 ± 2.4                   1.25                                         0.3            

*Expressed as mean ± standard deviation*.

*Main effect of the factor "group" in ANCOVA with years of education and subsyndromic depressive and manic symptoms as covariates. C, control; E, early stage; FAST, Functional Assessment Short Test; L, late stage; S, sibling. Bold values are to remark statistically significant results*.

Differences between groups were significant both in FAST total score and most domains (autonomy, work performance, cognitive functioning, finance, relationships). *Post-hoc*, pair-wise analyses revealed that late-stage patients consistently had a worse global functioning than the other three groups, which in turn did not differ from each other overall. However, early-stage patients showed worse scores on the cognitive domain of the FAST than the controls but similar to those of their siblings (Table [4](#T4){ref-type="table"}).

Discussion {#s4}
==========

This cross-sectional study showed that the clinical stages of BD seem to be associated with increasing levels of neurocognitive and social dysfunction. The "latent stage" of BD would be present with milder and more restricted neurocognitive deficits, although with spared social functioning. Pervasive neurocognitive dysfunction during euthymia would not worsen with illness progression since early- and late-stage BD-I patients had similar neurocognitive deficits.

Neurocognitive Functioning
--------------------------

Compared to their healthy siblings and controls, both early and late-stage euthymic BD-I patients had a widespread neurocognitive dysfunction, namely in the domains of processing speed, visual memory, verbal learning/memory, working memory, and executive cognition, which concurs with the literature ([@B3], [@B4], [@B27]).

Overall, late-stage patients had a similar neurocognitive dysfunction than early-stage patients. According to staging models and the neuroprogression hypothesis of BD, the former group would have been expected to perform significantly worse than the latter ([@B11], [@B28], [@B29]). However, very few cross-sectional examinations of neurocognition according to clinical staging have been published ([@B26], [@B30]). In a first report, late-stage (stages III and IV) patients showed deficits in verbal learning/memory, working memory and executive attention, whereas early-stage (stages I and II) patients performed similarly to healthy controls ([@B26]). A subsequent comparison of the extreme stages revealed that patients on stage I performed significantly better than those on stage IV on verbal learning and memory ([@B30]). Overall, the results of these similar studies are at odds with the present findings. Several methodological differences may explain such inconsistent findings. First, previous studies classified BD patients into stages based on clinical judgment ([@B26]) or patients\' self-report ([@B30]), but not according to FAST scores. Second, those studies were conducted at a tertiary center, where patients usually show the more chronic and severe forms of BD ([@B31]). Third, the neuropsychological batteries used in previous studies included four and only one test, respectively, therefore our study has used the most comprehensive battery so far. Fourth, in the present study, both clinical groups were matched on demographic, clinical, and treatment terms. Lastly, patients were truly euthymic and had low level of subsyndromic mood symptoms.

The clinical progression of severe mood disorders has been investigated only superficially ([@B32]). Moreover, whether neurocognitive dysfunction worsens in parallel with illness progression or not is a hot area of debate ([@B33]). There is evidence in favor ([@B11], [@B34], [@B35]) and against a progressive neurocognitive decline in BD ([@B36]--[@B38]). According to recent meta-analytic evidence, cognitive impairments in first-episode BD are similar to those shown by multi-episode patients ([@B39]). Overall, the neurocognitive findings of this cross-sectional study support the growing understanding that clinical progression is not a general rule in BD, but instead would apply only to a subset of patients ([@B33]). A combination of neurodevelopmental and neuroprogressive mechanisms might explain the marked neurocognitive heterogeneity found among BD subjects ([@B40], [@B41]). Indeed, staging and heterogeneity at multiple levels (genetics, clinical, neurocognition) may represent complementary approaches to classify patients ([@B21]). Nevertheless, long-term follow-up studies combining neuropsychological, staging and machine learning strategies will shed more light on this controversy ([@B42]).

Healthy siblings also showed a relatively wide neurocognitive dysfunction, which encompassed processing speed, executive attention, verbal learning/memory, and visual memory. Overall, the present results concurs with those of the few neurocognitive studies with homogenous samples of healthy siblings of BD patients ([@B16]--[@B20], [@B43]). For instance, healthy siblings have been found to show deficits in verbal learning/memory, visuospatial memory, planning and executive attention ([@B18]), visual and verbal memory ([@B17], [@B19]) and measures of executive cognition ([@B16], [@B20]).

Most neurocognitive studies of unaffected relatives have focused on offspring or mixed samples of first-degree relatives including parents, siblings and offspring ([@B15]). Compared to offspring, healthy siblings and parents of BD patients have a lower risk to develop BD and could be even considered to be resilient to BD, especially those who have gone past the peak age of illness onset. Recent evidence suggests that specific neural mechanisms, such as enhanced integration of the default mode network, may support resilience or delay illness onset among healthy siblings ([@B44]). Therefore, the finding of a relatively wide neurocognitive dysfunction in healthy siblings is remarkable. In our study, siblings were healthy subjects as they did not have a personal history of psychiatric disorders on Axis I confirmed by the SCID-I interview and the mean age was later than the usual age onset in BD patients. However, growing research has identified neurocognitive dysfunction among healthy relatives of BD patients ([@B3]). Specifically, neurocognitive deficits have been found in healthy siblings, mostly in verbal memory, visual memory and executive functioning ([@B16]--[@B20]). Obviously, depending on their age, some adult relatives (offspring \> siblings \> parents) may still face a risk, but most carry unexpressed BD susceptibility genes. This is the reason why siblings are considered as resilient subjects in BD disorder. Overall, they performed intermediate to their affected family members and healthy controls. This converges with the previous literature clearly showing that BD patients have wider and greater neurocognitive impairment than unaffected relatives, and therefore it may represent an endophenotypic marker of BD ([@B3], [@B15], [@B24]).

On the other hand, the presence of neurocognitive dysfunctions in healthy siblings is at odds with the staging model under evaluation, which predicts spared neurocognition in at-risk subjects ([@B12]). However, the "latent stage" clearly remains as an understudied area of research. Recent studies and reviews have revealed several deficits during the premorbid and prodromal phases of BD ([@B39], [@B45]). Since this is the first study comparing the neurocognitive status associated with each stage of the illness, including the latent stage, more research is needed to further explore staging models and advance our understanding of the progressive nature, or lack thereof, of neurocognitive dysfunction in BD.

Social Functioning
------------------

Both clinical groups had a worse social functioning than siblings and controls. Results were consistent at a global level of functioning and also at the majority of functional domains measured by the FAST scale. As predicted by definition, the late-stage was associated with a worse functioning than the early-stage of BD. Of note, siblings\' functioning was similar to that of controls. These results converge with those of previous examinations of Kapczinski et al.\'s staging model, which also found a progressive worsening of functioning along the stages of BD ([@B7], [@B25], [@B46]).

Taken together, our results support the prediction of the model regarding the absence of functional impairment in the latent stage, but are at odds concerning neurocognitive dysfunction. In other words, the social dysfunction associated with BD appears to be the result of the clinical phenotype whereas neurocognitive deficits seem to be associated with genetic vulnerability to BD. Future studies comparing patients and unaffected relatives across the stages of BD should include functional assessments with the FAST or similar scales. If confirmed, staging models of BD should be reformulated taking into account the divergence between neurocognitive and social functioning in the latent stage. In this regard, the staging concept needs to be reconciled with neurocognitive dysfunction as an endophenotype of BD ([@B21]).

Limitations and Strengths
-------------------------

The results of the present study must be seen in the context of several *limitations*. Firstly, different criteria have been used to classify patients into the broadly defined early and late stages of BD, and currently no consensus exists about the best choice. Several clinical variables, such as illness duration, comorbidities and functioning, were used in the most recent studies ([@B30], [@B46], [@B47]), whereas Rosa and colleagues ([@B16]) used a cut-off of the FAST in addition. In the pioneer explorations of the model ([@B48], [@B49]), the samples were split according to illness duration into early stage (\<3 years since the first manic episode) and late stage (10 years after BD diagnosis). Future research should establish the gold standard to better define early and late stages of BD. Secondly, the influence of other variables, such as medication and comorbidities, on neurocognition was not controlled ([@B50], [@B51]). Other limitations are common in this field, including the cross-sectional design and the small sample size. Despite finding significant differences in most of the between-group analyses, the lack of sample size calculation may have rendered our study underpowered to find additional differences, e.g., false negative results. Nevertheless, the *strengths* and innovations of this study are (i) the inclusion of unaffected relatives and therefore a comprehensive examination of all the stages of the model; (ii) the strict definition of euthymia; (iii) the simultaneous evaluation of the neurocognitive and social functioning with adequate instruments; and (iv) the recruitment of patients at a non-tertiary center, who might be closer to "real world" patients.

Conclusions {#s5}
===========

The clinical stages of BD-I seem to be associated with increasing levels of neurocognitive and social deterioration. However, a progressive neurocognitive trajectory does not seem to be a universal phenomenon in BD. Moreover, genetic vulnerability to BD-I would be associated with specific neurocognitive impairments, whereas social dysfunction appears to be the result of the clinical phenotype. This divergent pattern of neurocognitive and social functioning in the latent stage of BD merits further research. More studies, ideally longitudinal, with larger samples and using big data analyses are needed to further explore the empirical validity of staging models of BD.
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